INTRODUCTION
The economic and technological importance of water in tobacco processing and cigarette manufacturing has required the close control of tobacco moisture content (1) (2) (3) . The water content of tobacco affects the smooth operation of machinery, it is a controlling parameter in expansion processes, it is essential in minimizing breakage in all blending, conveying and making operations, and certainly the moisture content is an important factor in mass balance and accountability studies. Since proper control is essential throughout all processing steps, it is important that the water content be measured at all stages of processing ( 4 ) .
A. Approaches to Tobacco Moisture Determination
Two fundamentally different approaches are being used for the determination of tobacco moisture content: [1] in situ procedures which include electrical and radiation methods and [2] separation methods such as desiccant, solvent extraction -distillation, Karl Fischer, and various heating techniques. The array of choices seems large in number yet, because of the complex nature of tobacco, measuring water in tobacco quantitatively remains a problem. Many of the more direct approaches are affected by tobacco parameters other than moisture content, for example electrolyte content and chemical composition. The indirect approach of separating water from tobacco requires knowledge of the solvent properties of the extracting media and of how well a particular solvent system removes water from the tobacco matrix. Desiccant methods, using intense drying agents, are unsuitable not only because the desiccant attracts volatile organic substances, but also because the length of time per determination is excessive. The thermal drying technique (5) [oven volatiles (OV)] is the most widely used method for the determination of water in tobacco. The procedure has many advantages (simplicity, precision, reliability), yet the OV method has met with criticism for quite some time. The basis for this criticism is that under the conditions of the procedure, not only may tobacco volatiles other than water be liberated, but decomposition of some organic substances is likely to occur with the generation of water. The percent of volatiles measured would thus be higher than the true water content.
B. Data Supporting the Decomposition Mechanism
Thermogravimetric analysis (TGA) of uncased Bright tobacco tends to support this criticism ( Figure 1 ). While greater than 900/o of the weight loss found at three hours occurs in the first fifteen minutes, the sample continues to lose weight under isothermal conditions (100 °C) even after the specified three-hour limit. In an OV determination, therefore, the nearly dry tobacco is heated at 100 °C for the major portion of the three-hour test.period. One conclusion, drawn from a critical evaluation of other moisture determination methods, is that there exists a significant difference between results obtained by the oven drying technique and non-thermal procedures. The data in Table 1 show an average difference of 2.4% obtained by the OV and Karl Fischer methods for cased tobaccos while a 1.2 Ofo difference is observed for uncased These comparative data support the proposition that a portion of the water liberated during an oven volatile test is derived from the degradation of organic substances in the tobacco. The test of the validity of this proposition was the subject of the following study.
ANALYTICAL METHODOLOGY A. Experimental Design
Two forms of isotopfcally labelled water are readily available-2 H 2 0 and H 2 1 80. Because of the ease and rate of deuterium exchange (6-8) with labile hydrogen (alcohols, acids, amines, etc.), 2 H 2 0 was judged not to be suitable for these investigations. In contrast, oxygen isotopic exchange reactions (9) occur less readily and require, in most cases, acidic or basic conditions and higher temperatures than do deuterium exchange processes. Thus, the use of H 2 1 80 provides a means for differentiating between water (H 2 18 0) that may be generated by degradation during the oven volatile test and the water (H 2 1 80) added for equilibrating the tobacco. The two forms of water were easily distinguishable by mass spectrometry. In the present study, a CEC* 21-104 mass spectrometer was used at 10 J.tA electron emission current and 2400 eV ion accelerating voltage. The ionizing electron energy was lowered from 70 e V until the M H 2 o-2 ion intensity was less than 0.05 Ofo of the MH 2 o ion intensity.
The highly enriched H 2 1 80 (> 98%) used to equilibrate the tobacco filler will maintain its isotopic purity if, during the thermolysis process, no water is liberated or no loss of H 2 1 80 occurs from tobacco constituents. The percent molar isotope ratio (MlR) may be defined by equation 1
+ 20 [1] and may be taken as a direct measure of the overall perturbation in the initial balance of H 2 1&0 and H 2 tSO.
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B. Experimental Procedure
Isotope ratio by mass spectrometry
The block diagram shown in Figure 2 illustrates the overall procedure. All experimental steps from the initial drying and equilibrating of the tobacco to the final analysis of the collected vapors, were conducted in such a manner as to prevent exposure to the surrounding atmosphere, thus minimizing the exchange of isotopically labelled water with atmospheric water. A sufficiently large "dry box" was utilized and filled with all necessary equipment for the experiment. Dry nitrogen, obtained from the headspace of a liquid nitrogen tank, was allowed to pass through the "dry box" for a period of three weeks. Bright uncased cut tobacco was dried inside the "dry box" over molecular sieve (Union Carbide 3A) by first placing the tobacco in a desiccator containing the drying agent for a period of two weeks and then transferring it to a second desiccator containing fresh molecular sieve for two additional weeks. Karl Fischer moisture determination performed on the dried tobacco yielded 0.5 Ofo as its water content. Following the drying cycle, the tobacco was equilibrated for48 hours with H 2 1BQ by adding a specific amount (by weight) to a known weight of dry tobacco (approximately 1000/o by weight). Subsequent to the equilibration step, the tobacco was subjected to OV conditions (3 hours, 100 °C) and the tobacco volatiles collected in an evacuated flask ( Figure 3 ). The collected water was quantitatively determined by gas chromatography while the isotopic enrichment was determined by mass spectrometry. 
RESULTS AND DISCUSSION
It has been proposed that a portion of the water liberated during an oven volatiles test is derived from the thermal degradation of organic substances in the tobacco. This decomposition hypothesis which is proposed in order to explain discrepancies between thermal and non-thermal techniques has been tested and results of each individual experiment are presented in Table 3 . A summary of these data is presented in Table 4 . In all cases the amount of water collected during the three-hour 100 °C treatment of tobacco exceeds the weight of water added for the equilibration by an average value of approximately five percent. These results support the proposition that certain tobacco substances are degraded in such a manner as to yield water as one of the by-products. Furthermore, the theoretical molar isotope ratio (MlR) shown in Table 4 , Table 4 ). Therefore, the former method of reducing the molar isotope ratio may also be excluded as the sole cause. The most plausible explanation for observing a decrease in the MlR appears to be a combination of H 2 16 0 generation via both decomposition and oxygen-18 exchange with tobacco components. The variation in the molar isotope ratios prevents the definitive quantitative separation of exchange and decomposition mechanisms; however, qualitatively the trend in the data clearly indicates that both processes are in operation. It is not unlikely under the conditions used that oxygen exchange reactions take place to some extent (9-13). Following equilibration with H 2 1 80 and treatment through the oven, oxygen-18 is incorporated in those substances whose oxygens are labile enough to undergo oxygen transfer. In accordance with the DTA data, the rate of decomposition should be significantly reduced after thermal treatment. A re-equilibration of tobacco having gone through the oven once should give a measure of the extent of 0-18 exchange. The results of such an experiment are shown in Table 5 . The amount of water collected during the second thermal treatment of the tobacco is the same as was initially added indicating that the water generation by decomposition has ceased. This is supported by the observation that the difference between the calculated and experimental molar isotope ratios was significantly reduced. Furthermore, since H 2 18 0 is added to the dried tobacco, which has been oven treated, on the same day and the collected water analyzed on three consecutive days, the reduction in the MlR is indicative of a time dependency of the oxygen exchange process taking place during the equilibrium period. Subjecting the dried tobacco to a third cycle results in similar differences between theoretical and experimental MlR while the isotopic exchange ratio remains time-dependent. The complexity of tobacco precludes a total mechanistic interpretation of the interaction between the equilibrium moisture and tobacco. The equilibration and subsequent decomposition experiments as well as the oxygen-18 exchange data support the hypothesis that a portion of the equilibrium water is capable of exchanging with a variety of tobacco components. These tobacco components may be of two types: [ 1] labile compounds which subsequently decompose at typical OV test temperatures to yield water and [2] thermally stable oxygen-containing compounds. Prolonged heat treatment reduces the former class of substances but the latter remains intact with partial oxygen-18 incorporation. The isotope exchange occurring in the first cycle continued during the re-equilibration for the second cycle but was reduced due to chemical changes which took place during the first equilibration-thermolysis step. The reversible addition of water to carbonyl compounds has been well documented and verified by a number of chemical and instrumental techniques (14) . The ease with which hydration reactions occur suggests that part of the incorporation may be due to this mechanism. To test this assumption, tobacco which was dried with molecular sieve, equilibrated with H 2 18 0, and oven treated was extracted with H 2 1 60 (0.15 g/ml) and allowed to stand at ambient conditions for five days. Mass spectrometric determination of the oxygen-18 enrichment of the water showed a 0.120/o increase over natural abundance. This increase accounted for 66'0/o of the oxygen-18 (from H2l8Q) loss due to the exchange mechanism, vide supra. The vast number of oxygen-containing organic compounds in tobacco capable of undergoing oxygen transfer prevents a total mass balance from being established. Accounting for 66 Ofo of the oxygen-18 loss suggests that incorporation has indeed taken place.
To confirm this dynamic interaction between equilibrium moisture and the tobacco matrix, however, required establishing the presence of incorporated oxygen-18 in ·specific tobacco components. Acetic acid (= 0.1 '0/o by weight in equilibrated Bright tobacco) was determined both quantitatively and for oxygen-18 enrichment ( Table  6 ). The drying of tobacco either using molecular sieve (sample A) or the oven method (sample B) reduces the acetic acid content (the latter procedure to a greater degree) while re-equilibrating previously dried tobacco regenerates acetic acid. The source of acetic acid is not clear at this time, but the isotopic enrichment [340/o (sample D)] is consistent with the proposal that the tobacco/water system is interactive. The mass of oxygen-18 due to exchange with acetic acid is insignificant, however, since the total measured incorporation accounts for only = 0.6 Ofo of the total H 1 1BQ lost. A more plausible exchange process that may occur involves H 1 1BQ and the glucose and fructose present in tobacco. These reducing sugars are in equilibrium (in solution) between the cyclic and acyclic form, and oxygen exchange can take place even under neutral conditions. The quantitative determination of the reducing sugars present in the Bright tobacco used as well as the extent of 1 BO-enrichment is presented in Table 7 . A quantitative determination of the two reducing sugars showed the expected levels. Equilibrating with Hl 8 0 for 48 hours and oven treating the tobacco resulted in a decrease of glucose and fructose content indicating that a decomposition of the reducing sugars had taken place. Furthermore, oxygen-18 incorporation was found in 55°/o of the glucose and 740/o of the fructose. Subjecting this same tobacco to an additional H 1 18 0-OV treatment further reduced the levels of glucose and fructose while the levels of oxygen incorporation remained constant. The data are consistent with and support the results observed in the acetic acid experiments; both glucose and fructose readily incorporate oxygen-18 during the equilibration procedure.
In an attempt to account for the total amount of H 2 18 0 lost during the equilibration step due to the exchange mechanism, it was calculated that approximately 500/o of the total unaccounted H 1 1 8Q can be attributed to oxygen-18 incorporation in the reducing sugars. The remainder of the unaccounted oxygen-18 can certainly involve incorporation in other oxygen-containing organic compounds including, for example, alcohols, higher molecular weight acids, and saccharides.
SUMMARY
An investigation into the standard oven volatile procedure has been completed. Results have been presented which support the conclusion that= 0.50/o (tobacco dry weight basis) of the oven volatiles are generated via decomposition of tobacco constituents. The use of oxygen-18 labelled water for equilibrating tobacco has provided the probe necessary to differentiate between equilibrium moisture and water generated during the oven volatile test. Mass spectrometry was utilized to detect isotopically labelled tobacco constituents. Observations that 34 1 /o of the acetic acid and a significant portion (> 500fo) of the reducing sugars exhibit oxygen-18 incorporation indicate the dynamic and interactive nature of the tobacco/ water system. 
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